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ABSTRACT. Arthropod biodiversity is being investigated in the Carmanah Valley on Vancouver Island, 
British Columbia, Canada. We explore features related to the Centinelan extinction concept and ask whether 
or not this is applicable to northern temperate old-growth forest arthropods. Habitat loss in these forest 
systems is well documented and at present, of 89 old-growth forest watersheds over 5000 ha in size, only 
6 remain intact. Examination of identified species (1,311 to date) from the intact old-growth forest of the 
Carmanah Valley indicates that this structurally complex habitat acts as a reservoir for biological diversity. 
Thirty species of oribatid mites and 8 species of staphylinid beetles are new to science and all of these 
species show habitat specificity to micro-habitats found within this old-growth forest. Nowhere is this more 
apparent than in the moss-mats of the high-canopy, where the oribatid mite fauna is composed of 56 
species, of which 15 undescribed species are canopy specific. This mite assemblage forms a major component 
of a discrete arboreal community. Comparisons between the high-canopy and ground sites indicate that 
an additional 15 undescribed oribatid species are confined to the forest interior. No new species of oribatid 
mites or staphylinid beetles have been recorded in the forest edge or clear-cut sites. Evidence suggests 
microhabitats present in these old-growth forests contain an undescribed resident arthropod fauna. Without 
proper documentation, this faunal component is a candidate for the Centinelan extinction concept— 


extinction of species unknown before their demise and hence unrecorded. 


INTRODUCTION 


The ongoing global biodiversity crisis contin- 
ues to be fueled by habitat loss (Wilson 1988, 
1989, 1992, Soulé 1991, Colwell & Coddington 
1994) and subsequent extinctions of floral and 
faunal species assemblages that cannot adjust to 
rapid and often large scale habitat alterations. 
Rates of extinction are difficult to measure and 
often confounded by the absence of species in- 
ventory information which is particularly prev- 
alent in *hyperdiverse’ groups such as insects, 
mites, nematodes, fungi and micro-organisms. 
The silent “hemorrhaging” of biological diver- 
sity was termed “‘Centinelan extinctions” by Wil- 
son (1992) to designate extinctions of species un- 
known before their demise and hence unrecord- 
ed. With increased human disturbance across 
virtually all natural landscapes, the focus to rec- 
ord and preserve biological diversity has been 
centered in the tropics concordant with the ob- 
servation that these areas contain over half of 
the world’s species (Erwin 1988, Janzen 1988, 
Myers 1988, Wilson 1988). Tropical biotopes 
most at risk are the species-rich forests. How- 
ever, it is a global reality that forests throughout 
the world are being compromised by human in- 
duced perturbations. In temperate zones the larg- 
est remaining tracts of intact old-growth conif- 
erous forests occur in the Pacific Northwest of 
North America (Franklin 1988). 
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Historically very little research concerning the 
maintenance and conservation of biodiversity has 
been done on the primeval old-growth forests of 
the Pacific Northwest (Winchester & Ring in 
press). In British Columbia these forests are 
thought to contain much of the biodiversity of 
the province (Bunnell 1990, Fenger & Harcombe 
1989). They often have diffuse boundaries with 
other ecosystems, and this temporal and spatial 
mosaic creates a dynamic and complex set of 
habitats that are utilized by a variety of species. 
The elements of biodiversity associated with these 
old-growth forests form a heterogeneous group, 
and nowhere is this more evident than in the 
arthropods. Arthropods play a primary role in 
the function of natural ecosystems, may regulate 
nutrient cycling (Mattson & Addy 1975, O’Neill 
1976), and are now frequently mentioned as im- 
portant components of diversity that need to be 
identified (May 1986, Wilson 1988, di Castri et 
al. 1992, Samways 1994). 

The diversity of arthropods and ecological 
concepts surrounding them present several dif- 
ficulties for researchers. Nowhere is this more 
obvious than with species estimates which on a 
global basis vary from 5 to 80 million (Wilson 
1988, Erwin 1988, Stork 1988). Most of this bi- 
ota is unknown and composed primarily of ar- 
thropods. The most species-rich category, the in- 
sects remain largely undescribed. In Canada, ap- 
proximately half of the estimated 66,000 insect 
species have been described (Danks 1993). In 
British Columbia there may be as many as 40,000 
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arthropod species (Cannings 1992), many of 
which are undescribed (Winchester and Ring in 
press). Given the importance of arthropods in 
terrestrial ecosystems the objective of this paper 
is to present evidence from our ongoing study to 
address whether or not the Centinelan extinction 
concept is applicable to the coastal old-growth 
forests of Vancouver Island. We use two taxo- 
nomic groups, the staphylinid beetles and the 
oribatid mites to address the following questions: 


—Are coastal old-growth forests within intact 
watersheds on Vancouver Island becoming 
rare? 

—Are we dealing with an unrecorded fauna that 
contains new species? 

—Ifnew species are present do they exhibit hab- 
itat specificity? 


MATERIALS AND METHODS 


Study area—The study area is located in the 
Upper Carmanah Valley drainage (48° 44’N; 124° 
37'W) on the Southwest coast of Vancouver Is- 
land, British Columbia, Canada (FIGURE 1). This 
typical U-shaped coastal valley, approximately 
6,731 ha. in extent, is situated between the vil- 
lages of Port Renfrew and Bamfield. The entire 
valley lies within the Coastal Western Hemlock 
Biogeoclimatic Zone with the exception of two 
high-elevation areas (Meidinger & Pojar 1991). 
The dominant conifers in the Carmanah drain- 
age are Sitka spruce (Picea sitchensis (Bong.) Carr), 
western hemlock (Tsuga heterophylla (Rafn.) 
Sarg.), western red-cedar (Thuja plicata D. Don) 
and Pacific silver fir (Abies amabilis (Dougl.) 
Forb.). 

The 1991 field program centered in the Upper 
Carmanah Valley included one canopy and three 
ground sites: old-growth canopy, old-growth for- 
est interior (both old-growth sites are character- 
ized by trees greater than 300 years of age); tran- 
sition zone (edge between old-growth and clear- 
cut) and clear-cut (approx. four hectares, har- 
vested in 1985). 

Canopy access—The old-growth canopy site 
was composed of five Sitka spruce trees that were 
randomly chosen to be incorporated into a fixed- 
access system. Access to the Sitka spruce canopy 
is by means of 2:1 mechanical advantage pulley 
system. Strapped into a harness and attached to 
a series of permanent climbing lines, we are able 
to sample five adjacent Sitka spruce trees. Four 
wooden platforms strapped onto the branches 
and trunk of the main tree give us consistent 
heights at 31 to 67 meters from which to sample. 
A series of burma bridges enables us to access 
the four other trees, complete with platforms. 

Survey design—Owing to the diverse nature of 
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arthropods and their varied habits, no single sur- 
vey method or sampling technique can be used 
for a complete study. A variety of techniques 
must be employed and those that are most easily 
used, and the relevant taxa that can be collected 
by each method, have been summarized in Win- 
chester and Scudder (1993) and the Biological 
Survey of Canada (1994). The sampling meth- 
odologies used in the 1991 portion of this study 
are listed below. 

Malaise traps—Five Malaise traps (Townes 
1962), randomly placed along a 100m linear 
transect, were run at each of the three ground 
sites. A single Malaise trap was placed in each 
of the five Sitka spruce trees that were incorpo- 
rated into the fixed-access system. Arthropods 
were collected into 70% ethyl alcohol to which 
6 drops of ethylene glycol had been added. Traps 
were cleared at two-week intervals from May- 
October. A total of 245 trap samples were col- 
lected and arthropods from each trap were sorted 
and enumerated. 

Pan traps—Five pan/window traps were run 
at each ground sample site. Pans (23 x 15 x 5 
cm) were buried with rims flush at ground level. 
They were randomly placed along a 50 m linear 
transect. A clear glass window (0.5 x 0.5 m) was 
placed above each pan trap. A saturated salt so- 
lution was used as a preservative with a few drops 
of detergent added as a wetting agent. A total of 
120 trap samples were collected. All arthropods 
were washed in water, sorted and stored in 75% 
ethyl alcohol. 

Moss cores—A hand held moss/soil corer (ap- 
prox. 3 cm x 5 cm) was used to collect 5 moss/ 
soil cores at random from each of the four sample 
sites once a month from May—October. A total 
of 120 cores were collected. In the laboratory the 
arthropods were extracted from each core using 
Tullgren funnels for 48 hours. Samples were pre- 
served in 75% ethyl alcohol. Volume displace- 
ment and dry weight were recorded for each core 
sample. 

Data analysis—All samples were sorted to 
family. Species level identifications were com- 
pleted for all of the staphylinid beetles and most 
of the oribatid mites. Numerical relationships 
between the staphylinid species and four study 
sites were calculated using all trap data that was 
pooled over all collection times. Numerical re- 
lationships between the oribatid species and four 
study sites were calculated using all moss core 
samples that were pooled over all collection times. 


RESULTS 


Taxonomic composition — Approximately 
612,396 arthropods representing an undeter- 
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FIGURE 1. Map location of the Upper Carmanah Valley canopy research site on Vancouver Island, British Columbia, Canada. 
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Taste 1. Summary of the arthropods collected from all traps in the Upper Carmanah Valley during 1991. 
Site Hof 
Taxon Can FF TZ cc specimens 
Acarina 5,171 4,259 5,206 4,548 19,184 
Araneae 629 783 765 733 2,910 
Chilopoda 1 25 8 2 36 
Coleoptera 883 3,102 7,598 2,198 13,782 
Collembola 2,425 18,367 16,709 10,536 48,037 
Diplopoda 0 51 57 10 118 
Diptera 8,401 58,236 230,186 146,068 442,891 
Ephemeroptera 0 3 201 17 221 
Hemiptera 24 10 159 538 731 
Homoptera 358 361 2,017 4,878 7,614 
Hymenoptera 955 4,915 24,744 15,727 46,341 
Isopoda 0 18 0 4 22 
Lepidoptera 354 222 682 876 2,134 
Lumbriculida 1 50 27 7 85 
Microcoryphia 1 58 87 21 167 
Neuroptera 23 33 42 98 196 
Orthoptera 1 61 43 93 198 
Plecoptera 18 57 2,607 120 2,802 
Phalangida 15 76 62 10 163 
Pseudoscorpionida 4 34 40 45 123 
Psocoptera 353 786 1,466 112 2,717 
Stylomorpha 1 21 6 11 39 
Thysanoptera 24 33 1,112 20,068 21,237 
Trichoptera 17 8 437 117 579 
Other 3 31 15 20 69 
Totals 19,662 91,601 294,276 206,857 612,396 





Abbreviations: Can = Canopy, FF = Forest Floor, TZ = Transition Zone, CC = Clear-cut. 


mined number of species were collected during 
the 1991 sample season (TABLE 1). The numer- 
ically dominant arthropod groups are Diptera, 
Collembola, Hymenoptera, Thysanoptera, and 
Acarina. When total individuals are partitioned 
among sites, the transition zone (edge between 
old-growth and clear-cut) is most numerous in 
orders that are highly mobile (e.g. Diptera, Hy- 
menoptera), and in aquatic orders represented 
by the Ephemeroptera, Plecoptera and Trichop- 
tera. The forest floor site has the next highest 
abundances for many groups and is particularly 
abundant in Collembola, Coleoptera and Pso- 
coptera. The canopy site is somewhat depauper- 
ate in most taxonomic groups, although the Ac- 
arina are extremely abundant. The most altered 
site, the clear-cut, shows a high number of mobile 
taxa such as Diptera, Hymenoptera and Lepi- 
doptera. However groups such as the Thysanop- 
tera seem to exhibit ‘ecological release’ and rap- 
idly accumulate numbers that are several orders 
of magnitude greater than any other sample sites. 

To date, 150,000 individuals from a variety 
of taxonomic groups have been sent to 90 sys- 
tematists for identification. Identifications are 
continuing, and to date, 1,311 species have been 


identified and a conservative total of 65 species 
(5.0% of identified species) are confirmed as new 
to science. Species identifications are lacking for 
many groups (e.g. Braconidae and Proctotrupi- 
dae have been sorted to genera and morpho- 
species). This indicates the poor state of taxon- 
omy in these groups and the inability to indicate 
with certainty the existence of new species. 

The most complete information on identifi- 
cations and habitat associations are for the 
Staphylinidae (FiGURE 2) and the Oribatidae 
(FIGURE 3). Numerical relationships between sta- 
phylinid species and study sites indicate that the 
transition zone has the greatest number of species 
(49) while the canopy has the least number of 
species (6). The forest interior and transition zone 
have the most species in common (20) while the 
number of species shared in common between 
the forest interior and clear-cut is low (7). Percent 
similarity is lowest between the canopy and all 
ground sites (range 6%-15%). The clear-cut site 
shows lower similarity to the forest interior (18%) 
and higher similarity to the transition zone (31%). 
The highest similarity (62%) exists between the 
forest interior and transition zone. Of the 8 new 
species recorded all exhibit strict habitat asso- 
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FiGuRE 2. Numerical relationship between staphy- 
linid species from four study sites in the Upper Car- 
manah Valley. Data are pooled from all trap collections 
over all time intervals. Numbers along the lines rep- 
resent those species in common between the sites. 
Numbers within the circles represent the number of 
species occupying a given site and numbers in brackets 
represent the presence of new species. 


ciations with the forest floor interior, but one of 
these species also occurs in the canopy. Numer- 
ical relationships of the oribatid mite fauna in- 
dicate that the canopy has the highest number 
of species (56) followed by the forest floor (48). 
Total number of species present in the transition 
zone (34) is similar to the clear-cut zone (35). 
Canopy percent similarity is lowest between the 
forest floor (18%) and highest between the clear- 
cut (41%). Overall, percent similarity is generally 
high between any of the other ground pairwise 
site Comparisons (range 42%-88%). Of the 30 
confirmed new species, 15 were specific to the 
forest floor and the other 15 were specific to the 
canopy site. 


DISCUSSION 


Habitat changes that occur through logging of 
old-growth forests have been well documented, 
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FIGURE 3. Numerical relationship between oriba- 
tid species from four study sites in the Upper Car- 
manah Valley. Data are pooled from all trap collections 
over all time intervals. Numbers along the lines rep- 
resent those species in common between the sites. 
Numbers within the circles represent the number of 
species occupying a given site and numbers in brackets 
represent the presence of new species. 


but the effect that this type of habitat alteration 
has on arthropods has only been addressed to a 
limited extent (McLeod 1980, Chandler 1987, 
1991, Niemela et al. 1988, 1993, Schowalter 
1989, Chandler & Peck 1992). Between 200,000 
and 250,000 hectares, principally comprised of 
older forests, are harvested each year by the for- 
est industry in British Columbia (MacKinnon 
1993). Nowhere is this habitat loss more appar- 
ent than on Vancouver Island where only 6 of 
89 watersheds greater than 5000 ha remain intact 
(Winchester 1993). We suggest that our first as- 
sumption (habitat scarcity) needed to satisfy the 
Centinelan extinction definition has been met— 
coastal old-growth forests within intact water- 
sheds on Vancouver Island are becoming rare. 
Taxonomic and habitat knowledge for terres- 
trial arthropods from these forests is at best 
sketchy and what information is available is usu- 
ally difficult to interpret because of the number 
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of independent sources and the rather diffuse na- 
ture of the pertinent data. The pattern of bio- 
diversity in the terrestrial arthropod component 
of Pacific Northwest forests is largely unstudied. 
The complex mix of taxonomic groups in our 
study and different patterns of representation 
across habitat gradients is characteristic of ter- 
restrial arthropods. Exploring the species rich- 
ness component in this study is restricted by the 
inability to identify specimens to species. Given 
the fact that only a small percentage of the total 
number of specimens in this study have been 
identified to species it is likely that the number 
of new species recorded represents a conserva- 
tive estimate. Even at this early taxonomic stage 
we appear to be dealing with a largely unexplored 
fauna that contains new species and therefore we 
have met the second assumption needed to ad- 
dress the Centinelan extinction definition. 

The new species of staphylind beetles and or- 
ibatid mites recorded in this study are restricted 
to habitats that are associated with old-growth 
forests. Two important habitat components that 
occur on the ground are first, a supply of over- 
mature, fallen logs which are allowed to decay 
under natural conditions in the shade of the for- 
est canopy, and secondly, the maintenance of 
deep layers of undisturbed forest floor litter which 
have not been eradicated by the extreme con- 
ditions of clear-cuts and the subsequent exposure 
to desiccation and erosion (Campbell & Win- 
chester 1994). Forest litter and decaying logs are 
rich in a large variety of species of fungi, many 
of which also serve as hosts for species of beetles 
and other arthropods. This habitat specificity is 
well documented for the staphylinid beetles; ex- 
amples include Pseudohaida rothi Hatch which 
represents the first record for Canada (Campbell 
& Winchester 1994) and Trigonodemus fasciatus 
Leetch which is endemic to British Columbia 
(Scudder 1994). Eight new species of Omaliinae 
staphylinid beetles appear to rely on old-growth 
forests as a source area to maintain reproduc- 
tively viable subpopulations (Campbell & Win- 
chester 1994). The forest interior oribatid fauna 
is not as species rich as the canopy. However, 
this forest interior habitat contains 15 new spe- 
cies that were not recorded in any of the other 
sample sites. This habitat association shown for 
these new species may be due to a variety of 
abiotic factors that affect microclimate condi- 
tions. Despite lack of complete information these 
trends are also apparent in some of the other 
groups such as the Mycetophilids (fungus gnats), 
where a large number of new species have been 
recorded (Winchester unpublished data). The 
majority of these species are associated with hab- 
itats found only in the old-growth forest interior. 
Similar results have been found by Okland (1994) 
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in Norway where semi-natural (i.e., the oldest) 
forests are more sustaining for mycetophilids. 
Perhaps the most interesting habit in old- 
growth forests is the canopy. In the Sitka spruce 
canopy a key habitat feature is provided by the 
4-28 cm deep moss mats which support a well 
developed soil layer. These mats are primarily 
composed of three moss species, [sothecium 
myosuroides Brid., Antitrichia curtipendula 
(Hedw.) Brid., Dicranum fuscescens Sm., which 
are also abundant on the forest floor. Soil mi- 
croarthropods dominate this canopy soil/litter 
habitat, a fact which has not been well docu- 
mented in these forests but has been noted in 
other canopy studies (Nadkarni & Longino 1990, 
Paoletti et al. 1990). From the oribatid mites that 
have been processed to date there is strong evi- 
dence that we are dealing with a distinct arboreal 
fauna. A high number of species with low percent 
similarity to ground sites is consistent with the 
findings of Behan-Pelletier et al. (1993). The dis- 
covery of several new oribatid species is not sur- 
prising (see Behan-Pelletier 1993) given the scope 
of this study and fifteen undescribed species ap- 
pear confined to habitats found only in the old- 
growth forest canopy. For example, Dendrozetes 
represents the first record for this genus in North 
America and this new species has modifications 
for an arboreal existence (Behan-Pelletier per- 
sonal communication). Parapirnodus, Paraleius, 
and Anachipteria are genera that are known to 
be arboreal (Behan-Pelletier personal commu- 
nication) and in this study each are represented 
by an undescribed, strickly arboreal species. Sim- 
ilarily, new species with unique habitat associ- 
ations have been recorded in northern Venezuela 
(Behan-Pelletier et al. 1993); in Peru (Wunderle 
1992) and in Australia (Walter et al. 1994). The 
microhabitats associated with the canopy of the 
ancient Sitka spruce trees is not replicated in any 
second growth forest canopies that we have sur- 
veyed to date and it is unlikely that these habitat 
features will develop in second-growth forests 
that are in an 80-120 year rotation. We suggest 
that there are enough differences in canopy mi- 
crohabitat conditions to promote the develop- 
ment of taxonomically discrete species assem- 
blages that will be lost if these canopy habitats 
are not retained or allowed to develop in second- 
growth forests. Given the striking old-growth 
habitat associations of the new species recorded 
in this study, there is strong supporting evidence 
to satisfy the third assumption applicable to Cen- 
tinelan extinctions: that of habitat specificity. 
Although the taxonomic determinations for 
most of our specimens are not complete we pres- 
ent evidence from two groups, the oribatid mites 
and the staphylinid beetles that indicates that we 
are dealing with a new species that are old-growth 
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dependent. Forest conversion affects arthropod 
diversity by altering key patterns of natural pro- 
cesses that are inseparably linked to habitat di- 
versity. The summarizing of these key patterns 
and documentation of changes due to distur- 
bances should identify ecological roles of arthro- 
pods that are at the heart of the biodiversity 
challenge. However, before this goal can be 
reached it is clear that proper documentation of 
the arthropod fauna in these forests must occur 
in order to prevent Centinelan extinctions. 
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